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HMN-lK)RMMODEM WITHMD WIX’HOllI!DEADRISE

ByPhilipM. EdgejJr.,andJeanP.Mason

SUMMARY

Hydrodynamicimpactloadsof 30°and600included-angleV-step
modelswereinvestigatedat the.@ngleyimpactbasin.Theinvestiga-
tionconsistedofa seriesof fixed-trimimpactsin smoothwaterwith
a dead-risenmdelhavinga roundkeelandchineflareanda beam-loading
coefficientof3.6. Iinpactloadsandmotionsfora rangeof trimand
flight-pathanglesweremeasuredtodetermineeffectsof stepplan-form
angleandforcomparisonwithdatafora flat-bottommodel.

Thedataarepresentedin a table,andtypicaltimehistoriesand
variationsofmaxhmunimpactliftad maximumdraftwithtrimandflight-
pathangleareincluded.Overthersmgeof theteststhemaximumloads
forthe30°V-stepmodelareshowntobe asmuchas 29percentlessthan
thoseforthe60°V-stepmodel.Effectsof deadriseforthe30°V-step
modelareshownto indicatethatthisconfigurationexperiencesloadsas
smallas 50percentofthoseexperiencedby a similarV-stepflat-bottom
model.

INTRODK!TION

Hydrodynamicimpactloadshavebeenstudiedto determineeffects
ofbasicmodelconfigurationson impactloads.Thedataobtainedfrom
thesestudieshaveestablishtifundamentalrelationshipsof transverse
shape,longitudinalshape,andstepplan-formshapewithhydrodynamic
impactloads(refs.1 to 9). However,stepplan-forminvestigations
ofthistypehavebeenconcernedonlywitha flat-bottommodelof28°
V-step(datareportedinref.8 andcomparedwithdataof a transverse-
stepmodelinref.9). Modernseaplanesgenerallyaredesignedwith
hullsorhydro-skishavingdeadriseandstepor sternplanformsof
largerincludedangles.Thepurposeofthepresentinvestigationwasto
obtaindataas to theeffectsof plan-formangleanddeadriseon impact
loads.

A seriesof fixed-trimimpactsweremadeintheLangleyimpactbasin
withdead-risemodelsof 30°and600 includedplan-formanglesat the
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stern.Thetransverseshapeof thesemodelsconsistedof a roundbottom
.

at thekeelandchineflarewithan intermediatestraightsection.The
modelshada beam-loadingcoefficientof3.6andweredesignedtorepre- ●-
senttheforebodyportionofa V-stephull;however,theycanalsobe
consideredasrepresentativeof lightlyloadd,hydro-skis.Impacts
weremadeinsmoothwaterovera rangeoftrimandinitialflight-path
angles,andtheresultingimpactloads,moments,andmotionswererecorded
throughouteachimpact.

Thispaperpresentsthedataobtainedintheimpactsandshowsvaria-
tionsofmaximumloadsanddraftswithtrimandflight-pathangles.Com-
parisonsaremadeofthedataforthe30°and600plan-formanglesto
indicatetheeffectsofplan-formengle,andthedataforthe30°plan-
formanglearecomparedwiththeflat-bottomdataofreference8 to show
dead-riseeffectsfortheV-stepplanform.
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g accelerationdueto gravity,32.2ft/sec2

My pitchingmomentaboutstep,lb-ft

Fv
?q impactloadfactornormaltoundisturbedwatersurface,

Y

t timeaftercontact,sec

v resultantvelocityofmodel,fps

w droppingweight,lb

? velocityofmodelparalleltoundisturbedwatersurface,fps

z draftofmodelnormaltoundisturbedwatersurface,ft

& velocityofmodelnormaltoundisturbedwatersurface,fps

7 flight-pathanglerelativetoundisturbedwatersurface,deg

P massdensityofwater,1.938shgs~cuft

T. trimangle,deg

Subscripts:
L

o instantof initialcontactwithwatersurface

max maximum

APPARATUS

TestsweremadeintheLangleyimpactbasinwiththeequipment
describedinreference10. Thisequipmentconsfstsof a catapult,an
arrestinggear,instrumentationformeasuringloadsandmotionsof the
model,smda testingcarriagetowhichthemodelis attachedatalltimes
by a boom. Theboomismountedon a parallellinkagewhichpermitsthe
modeltomovefreelyintheverticaldirectionwhilethecarriageis
nmvinghorizontallydownthetank.

Model

Themodeltestedhada V-shapeplanformat eachendwitha 5-foot
sectionof constantbeam(22inches)inthecenter.(Seefig.1.) At
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oneendtheincludedangleoftheV planformwas30°andat theother
end,600. Themodel,whichwasofwoodcoveredwithfiberglass,was

—

constructedsothatitcouldbemountedto itsattachmentfittingwith
*

eitherendasthestern(orstep).Figure2 showsthemodelmounted
on thecarriageboomasa 30°V-stepplan-formmcdelandas a 600V-step
plan-formmodel.Thismountingheldthemodelfixedintrimthroughout

.-

theimpacts. =.

Thetransverseshapeofthemodel,as showninfigure1,wasround
at thekeelwitha straightmidsectionof about35°dead-riseangleand
withchinesflaredto thehorizontal.At theendsof themodeltheout-
boardportionsofthiscrosssectionwerecutawaytoformtheV plan
form.

Instrumentalion

Theinstrumentationconsistedof a multichanneloscillograph,
accelerometers,a dynamometer,water-contactindicator,andelectrical
circuitsformeasuringdisplacementsandvelocities.Allmeasurements
wererecordedon theoscill.ographalongwithO.01-secondtiming. —

Accelerationsintheverticaldirectionweremeasuredby oil-damped
unbendedstrain-gage-typeaccelerometerswhosefrequencyresponseswere

—

flattoabove60 cyclespersecond.Loadsnormalto thekeelofthe “
modelandpitchingmomentsaboutthesternwereobtainedfroma strain-
gage-typedynamometermountedbetweenthemodelandthecarriageboom
andfromconsiderationoftheinertiaeffectsof themassbelowthe

.

dynamometer.

Initialcontactofthemodelwiththewaterandreboundfromthe
waterweredeterminedfroma pulseproducedby an electricalcircuit
whichwascompletedby thewaterthroughcontactsinthemodel.Hori-
zontalvelocitywascomputedfromphoto-electric-cellindicationsof
horizontaldisplacementandfromtherecordedtime. Verticaldisplace.
mentwasobtainedfroma slidewireandverticalvelocitywasobtained
fromelectricaldifferentiationoftheslidewiredisplacement.

Ingeneral,thedataobtainedarebelievedtobe accuratewithin
thefollowinglimits: .-

Horizontalvelocity,ft/sec. . . . . . . . . . . . . . . . . . *0.5
Verticalvelocity,ft/sec.. . . . . . . . . . . . . . . . . . *0.2
Verticaldisplacement,ft . . . . . . . . . . . . . . . . . . . to. 02
Acceleration,gunits. . . . . . . . . . . . . . . . . . . . . *0.2
Weightjlb . . . . . . . . . . . . . . . . . . . . . . . . . . &~o
Time,sec. . . . . . . . . . . . . . . . . . . . . . . . . . . +0.002
Pitchingmomentjpercent. . . . . . . . . . . . . . . . . . . *5
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TESTPROCEDURE

Thisinvestigationconsistedofa seriesofforward-speedimpacts
in smoothwaterwitheachmodelat trimanglesof4°,8°, 16°,and30°
overa rangeof initialflight-pathanglesfrom3° to20°. Impactswith-

( )outforwardspeed 70= 90° weremadeat 7 = 0° and~th ea~ model

at 7=8° overa rangeofverticalvelocities(fro= 3 to 10fPS)”Au
inmactsweremadeata beam-loadingcoefficientof3.6(W= 1,3?5pounds).
&oughout thetiersiona lift
modelwasappliedto simulatea
ence10.

RESULTS

forceequalto
wingliftof1

ANDDISCUSSION

thetotalweight of the
g, asdescribedinrefer-

Theexperimental.dataobtainedinthisinvestigationarepresented
intableI foreachoftheimpactsmade. Thistableshowsthemeasured
valuesof loadsandmotionsat contactwiththewater,atmaximumaccel-
eration,atmaximumpitchingmoment,atmaxtiumdraft,andatrebound.

Sampletimehistoriesof typicalvariationsof thedataobtained.
throughouttheimpactsarepresentedinfigure3 forimpactswithout
forwardspeedandinfigure4 forimpactswithforwardspeed.Infig-
ure3,dataareshownforimpactsat 0°and8° trfi. l?romfigure3(a)
itisseenthattheloadsat 0° trimbuildupratherrapidlywiththe
full-lengthcontactof theflatportionof theroundkeel.As imer-
sioncontinuesthepeakloadisattainedon theroundedportionofthe
crosssectionanda reductioninloadis experienc~duringimersion
of thestraightportionof thecrosssectionwherethebottomslope
isapproximately35°. A secondsharpincreaseinloadisencountered
as thelowangleof theflaredchinesbecomesinvolved.Thischaracter-
isticoftheloadapplicationcanto someextentbe expectedthroughout
theimpactsofa modelhavinga similarcrosssection.However,with
increasedtrim(fig.3(b))andforwardspeed(fig.4),thegeometryof
theimmersedportionof themdel canbe expectedtobe suchthatthe
loadsarelessrapidlyappliedandtheeffectsof thechineflareon
theimpactloadsaresmallornonexistent.FYomfigure3(b)andfig-
ure4, comparisonsofthetimehistoriesforthetwomodelsshowthat
theloadsareappliedsimilarlyforthe30°and600V-stepplan-form
configuration.!RIiscomparisonshowsthattheloadsbuildup earlier
duringtheimpactof the600V-step,themodelbeingslowedmorerapidly
withlessdraftandpitchingmomentthanisexperiencedby the30°
V-stepmodel.

●

h figures5 and6 thevariationsofmaximumimpactliftandmaxi-
mumdraftcoefficientswithinitialflight-pathangleforthe30°and

—.
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600V-stepplan-formmodelsat8°and30°trimarecompared.Fromthe
comparisonsofthemaximumdraftcoefficients,itis seenthattheeffect .-
of stepplan-formangleismoreevidentatthehighertrimof30°,and

.

themaximumdraftofthe600V-stepmodelis20percentlessthanthat
ofthe30°V-stepplan-formmodel.

Therelationsofthemaximumimpactliftcoefficientandtrimangle
forthetwoV-stepplan-formconfigurationsarefurtherillustratedin
figures7 and8. Figure7 showsthevariationof themaximumimpact
liftcoefficientwithtrimangleforthetwomodelsatfourinitial
flight-pathangles.Thecurvesofthisfitiewereobtainedfromfaired
curvesof CL,- plottedagainst70 foreachtrim. (Forexample,
seefig.5.) Figure8 showsthevariationoftheratioofthemaximum
loadsforthetwomodels(fromfig.7)withtrimangle.Fromthecom-
parisonshowninfigures7 and8, it isseenthatat lowtrimangles
(4°)theloadsforthe30°V-stepmodelarewithin10percentof.those
forthe600V-stepmcdel.Thegreatestdifferenceinloadoccurswith
thecombinationofhightrimandlowinitialflight-pathangleswhere

—

theloadofthe30°V-stepmodelis29percentlessthantheloadof
the600V-stepmodel.

EffectsofdeadriseonmaximumlosdsforV-stepplan-formcon-
.

figurationscanbe estimatedby comparingthedataofthepresentinves-
tigationforthedead-risemodelwiththedataofreference8 fora r“
V-stepflat-bottommodel.Thedataofreference8 wereobtainedunder
conditionssimilartothoseofthepresenttestandarefora V-step —

modelhavingan includedplan-formangleof28°anda bean-loadingcoef- >—
ficientof4.6. These&ta arecorrectedtoa beam-loadingcoefficient
of3.6by applyingan8-percentcorrectionbasedonmaxinnmliftcoef-
ficientinverselyproportionalto (CA)l/3(ref.II). !l%ecorrect@d
dataarecomparedwiththe30°V-stepdataofthepresentinvestigation
infigure9. Thisfigureshowsthevariationsoftheratioofthemaxi-
mumimpactliftcoefficientforthedead-risemodeltothatfortheflab
bottommodelwithangleoftrim. Thiscomparisonindicatesthatthis
dead-riseconfigurationexperiencesmaxtitiimpactliftcoefficients
whichare25percentlessthanthemsximumimpactliftcoefficientsof
theflat.bottommodelat20°trimandx percentlessat4° trim.

plan
keel

CONCLUSIONS

An investigationoftheimpactloadsonmodelsof 30°and600V-step
formandhavinga flatbottomora roimdedcrosssectionnearthe
resultsinthefollowingconclusions:

●

“
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1. The maximumloads forthe30° V-stepmodelat lowtrims(4°)are
within10percentofthoseforthe600V-stepmodel.At landingconditions

* ofhightrimsandlowflight-pathangles,themaximumloadsforthe30°
V-stepmcdelare29percentlessthanthoseforthe60°V-stepmodel.

2. Thedead-riseconf@urationexperiencedmsximumloadswhichare
25percentlessthanthoseoftheflat-bottommodelat 20°trimand
X percentlessat 4° trim.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,July24,1958.

.

●
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Figure 1.- Drawing of model.
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(a) 30°V-stepmodel. L-57-2673

(b) 600V-stepm.odel. L-58-34

Figure2.-Modelson carriage.
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